ATP synthase complex from bovine heart mitochondria. Subunit arrangement as revealed by nearest neighbor analysis and susceptibility to trypsin.
The nearest neighbor relationships of bovine mitochondrial H(+)-ATPase subunits were investigated by the chemical cross-linking approach using the homobifunctional cleavable reagents dithiobis(succinimidyl propionate) and disuccinimidyl tartrate. Cross-linked proteins were resolved by one- and two-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Individual subunits were detected by silver staining or by Western blotting and staining with subunit-specific antisera. Products larger than 80,000 daltons were not analyzed. Interactions between F1 subunits included cross-links between gamma and delta as well as gamma and epsilon subunits. Among F0 subunit interactions were observed cross-links of (i) coupling factor 6 (F6) with 8-, 20-, and 24-kDa proteins, (ii) oligomycin sensitivity-conferring protein (OSCP) with 24-kDa protein, and (iii) 20-kDa protein with 24-kDa protein. In addition, several cross-links among subunits involving F1 and F0 sectors were detected. These included cross-links between F6 and alpha, F6 and gamma, OSCP and alpha/beta, and 24-kDa protein and alpha/beta. Thus, OSCP, F6, and the 24-kDa protein were found to form cross-links with both F1 and F0 subunits. The surface accessibility of F0 subunits was investigated by subjecting aliquots of F0 to trypsin treatment. Our data demonstrated that the rate of degradation was in the order OSCP greater than 24-kDa protein greater than or equal to F6 greater than subunit 6. The degradation of subunits of F0 was prevented in intact or reconstituted F1-F0. Based on our present and previously published observations, a model of H(+)-ATPase has been proposed wherein OSCP, F6, and the 24-kDa protein are placed in the stalk region and the alpha and beta subunits of F1-ATPase have been extended down to the membrane surface to enclose the stalk segment.